Objective: To assess the methodological quality of animal studies published in China and abroad using the SYRCLE's risk of bias tool, and to provide references to improve the methodological quality of animal studies to encourage high quality preclinical studies.
Introduction
Animal experiments are key to preclinical research. As a bridge between basic science and clinical research, the quality of animal experiments dictates the success of many research fields. [1, 2] And experiment quality is dependent upon scientific design and standard implementation. According to the National Centre for the 3Rs (The National Centre for the Replacement, Refinement and Reduction of Animals in Research), many animal experiments funded by 3Rs had problems in method design. Up to 87% and 86% of experiments fail to perform "random allocation" or "blind method". [3] In addition, in animal experiments where the principle of "randomization" was implemented, only 9% of studies described specific methods of randomization, which led to low conversion and utilization rates. To improve the methodological quality of animal experiments and promote the transparency of the research process, a number of scholars of the SYRCLE Center (SYstematic Review Center for Laboratory animal Experimentation) including Hooijmans and colleagues, drafted the SYRCLE's risk assessment tool (SYRCLE's risk of bias tool for animal studies) in 2014. [2] This tool highlighted that the design and effective implementation of animal experiments could be improved. [4] Since its publication, some domestic scholars have analyzed it [5] and there have been study researching the methodological quality of animal experiments based on this tool, but it was limited to the incidence of stroke, and lack representation from other fields. [6] In addition, a horizontal comparison of the methodological quality of animal experiments published at home and abroad has not been performed.
In this study, we performed a comprehensive analysis of animal experiments published in China and abroad to assess the inherent risk of bias based on SYRCLE's risk of bias tool. We analyzed and discussed the differences between Chinese and English studies regarding method design, and highlighted possible causes of bias to provide references for the design and implementation of future animal experiments.
Material and methods

Inclusion and exclusion criteria
All interventional animal experiments were included without restrictions on the type of intervention or animal species. The exclusion criteria were as follows: (1) Self-controlled studies; (2) 
Search strategy
To compare the quantity and quality of domestic and foreign studies, animal experiments were identified through searching the Chinese Science Citation Database (CSCD) and Web of Science. Documents included in the CSCD database were from highest-ranking journals in China, and so were equivalent to studies collected by the Science Citation Index (SCI 
Screening and data extraction
Statistical analysis
Statistical analysis was performed using SPSS23. Counting data were statistically described by numbers and percentages (%), and measurement data were described by the median and interquartile range. Chi-square tests were used for group comparisons. A p-value less than 0.05 was considered statistically significant.
Results
Screening procedures
A total of 33264 related documents were obtained from the initial search, 
Study characteristics
The median sample size of the Chinese studies was 50, and the interquartile range was 32 to 70. For English studies, the median sample size was 36 and the interquartile range was 24 to 51. The citation frequency of more than half (52.89%, 1462/2764) of the studies was zero. The percentage of Chinese studies (67.30%, 1198/1780) with zero citations was significantly higher than those of English studies (26.83%, 264/984, p<0.001). The most commonly used animal species were rats (87.99%, 2432/2764), rabbits (6.22%, 172/2764), and pigs (1.48%, 41/2764). Amongst them, the differences between Chinese and English studies were statistically significant for rats 
Assessment of the risk of bias
The quality of the included animal experiments was assessed using the SYRCLE's risk of bias tool that contains 10 entries and 22 sub-items. A total of 36.36% (8/22) of the sub-items were rated as "low risk" in more than 50% of the included studies, of which 75% (6/8) were rated as "low risk" in more than 80% of the included studies. A total of 59.09% (13/22) of the sub-items were rated as "low risk" in less than 30% of the included studies, of which 92.31% (12/13) were rated as "low risk" in less than 10% of the included studies. (See Table 1) For the 5 sub-items related to selective bias (sub-items 1 to 5), the coincidence rates of "low risk" for sub-item 3 and sub-item 5 were less than 5% (4.62%; 0.83%). The coincidence rates of "low risk" of sub-item 2 amongst Chinese studies was significantly lower than those of English studies (p= 0.02). The coincidence rate of "low risk" sub-items 1 and 3 amongst Chinese studies were significantly higher than those of English studies (p<0.001; p=0.02).
For the 3 sub-items related to performance bias (sub-items 6 to 8), the coincidence rates of "low risk" were less than 5% (1.19%; 4.10%; and 3.00%, respectively). The coincidence rates of "low risk" of the 3 sub-items amongst Chinese studies were significantly lower than those of English studies (p<0.001).
For the 3 sub-items related to detection bias (sub-items 9 to 11), the coincidence rates of "low risk" for sub-items 10 and 11 were less than 10% (6.01%; 9.24%). The coincidence rates of the "low risk" sub-items amongst Chinese studies were significantly lower than those of English studies (p=0.01; p<0.001). However, the coincidence rates of "low risk" in sub-item 9 amongst Chinese studies was significantly higher than English studies (p<0.001).
For the 4 sub-items related to attrition bias (sub-items 12 to 15), the coincidence rates of "low risk" for sub-items 13, 14 and 15 were all less than 10%. The coincidence rates of "low risk" sub-items 12, 13, and 14 amongst the English studies were significantly lower than Chinese studies (p<0.001; p<0.001; p=0.005, respectively).
For the 2 sub-items related to reporting bias (sub-items 16 to 17), the coincidence rate of "low risk" for sub-item 16 was less than 5% (1.12%), and the coincidence rate of "low risk" amongst Chinese studies was significantly lower than that of English studies (p<0.001).
For the 5 sub-items related to other types of bias (sub-items 18 to 22), only the coincidence rate of "low risk" for sub-item 22 was less than 10% (7.92%), and the coincidence rate of "low risk" amongst Chinese studies was significantly lower than that of English studies (p<0.001). 
Discussion
General characteristics
The results of this study showed that the citations of more than 90% of the included studies were less than 5, and 52.89% of the studies have not been cited. The percentage of Chinese studies with zero citations was significantly higher than English studies (p<0.001). This may be related to the low quality of animal experimental studies published in Chinese, as previously suggested by Shuang et al. [6] The most commonly used animals both at home and abroad were rats, which may be because rats are easy to breed, and inbreeding mode makes individual differences between rats small, which is conducive to the experiments. [7, 8] Regarding interventions, the number of Chinese studies using acupuncture were significantly higher than English studies, which is likely due to its known association with traditional Chinese medicine. [9] Selection bias represents systematic errors between the baseline characteristics of comparison groups. [10] Because the sample size of animal experiments is smaller than that of clinical trials, if it is not controlled, an unbalanced baseline in some important characteristics would influence the study results. [2] According to this study, the coincidence rates of "low risk" in all included studies were relatively higher for the "baseline characteristics balance (sub-item 2)" and "time of disease induction (sub-item 4)", but the coincidence rates of "low risk"
Summary of the methodological quality assessment
when "describing a random component in the sequence generation process (sub-item 1)" was less than 30%. The coincidence rates of "low risk" for the "adjustment of unequal distributions of baseline characteristics (sub-item 3)" and the "allocation concealment (sub-item 5)" were less than 5%. The coincidence rates of domestic studies on sub-item 2 were lower than those of foreign studies (p=0.02). However, the coincidence rates of foreign studies on sub-items 1 and 3 were lower than those of domestic studies (p<0.001). Future studies should therefore pay more attention to the correct implementation of random methods, such as the referral to random number tables or computer random number generators. It is also important to perform allocation concealment through sequentially numbered sealed envelopes. [11] Schulz and colleagues showed that strict randomization without allocation concealment results in an exaggeration of the treatment efficacy by 30% to 41%. [12] Domestic studies should pay more attention to the balance of baseline characteristics, whilst foreign studies should adjust unbalanced distributions of the relevant baseline characteristics.
Performance bias refers to systematic errors in the nursing of animals and exposure factors, in addition to the interventions of interest. [13, 14] Animal experiments differ from clinical trials as the setting can influence the study outcome. As an exemplar, the light intensity in cages stored on the top shelve of animal houses is four times higher than that in the cages at the bottom, which can influence reproduction and animal behavior. [15, 16] The results of this study showed that for the 3 sub-items related to performance bias, the coincidence rates of "low risk" in both Chinese and English studies were low, whilst the coincidence rates of "low risk" Chinese studies were significantly lower than foreign studies (P<0.001). This may be related to the lack of attention to performance bias of the relevant studies in China.
Ma et al. showed that only 30.8% to 41.4% of domestic researchers considered it necessary to implement "random housing" and "caregivers and researcher blinding". [17] Future studies should pay more attention to the influence of performance bias. For example, ID cards of individual animals or cage labels should be coded with the same appearance, and the circumstances should be specified in both experimental and control groups during the intervention.
Detection bias refers to systematic errors in the measurement of outcomes. [2] In animal experiments, although it is not necessary to blind animals, the researchers are also animal breeders, which may lead to subjective bias. [18] In addition, due to the characteristics of animal experiments, most animals have circadian rhythm phenomenon, such as lipid metabolism, altered neurotransmitter levels, and pharmacokinetics which can change the cycle/circadian rhythm. [19] [20] [21] If the results are not measured by randomization and are instead measured at a single timepoint, the risk of detection bias increases. Our study showed that for the 3 sub-items related to detection bias, the coincidence rates of "low risk" were less than 50%, of which "outcome assessor blinding (sub-item 10)" and "the outcome is not likely to be influenced by lack of blinding (sub-item 11)" were even less than 10%. The coincidence rates of "low risk" for these two sub-items in Chinese studies were significantly lower than foreign studies (P<0.001), but Chinese studies performed to a higher level in sub-item 9 (P<0.001). Future studies should not only pay attention to random outcome assessment including referral to a random number table or the use of random number generators, but further implementing outcome assessor blinding using the same outcome assessment method in both experimental and control groups.
Attrition bias is due to the loss of data caused by death or loss of animals, which impacts the final datasets. [10] The results of this study showed that for the 4 sub-items related to attrition bias, the coincidence rates of "low risk" of "incomplete outcome data" in studies published in Chinese and English were relatively high (more than 50%). However, future studies should pay attention to the processing of missing data and strictly evaluate the influence of the data on the study outcome. For instance, in clinical trials, the intention-to-treat analysis (ITT analysis) is used to process missing data, which is also applicable for animal experiments. [22] [23] [24] Reporting bias refers to systematic errors between reported and unreported results, which may be related to the easier interpretation and publication of positive results, or the existence of conflicts of interest amongst researchers that influence study outcomes. [25, 26] This study showed that the "low risk" coincidence rates for both domestic and foreign studies on "availability of study protocol and all pre-specified primary and secondary outcomes were reported in the manuscript (sub-item 16)" were low. Although the low-risk coincidence rates of English studies were higher than those of Chinese studies (p<0.001), the rates were as low as 3.15%. For clinical studies, registration with the WHO or other first-level registration platforms are required prior to the inclusion of the first case and relevant journals are encouraged to publish their protocols. No such requirements exist for animal experiments. [27] [28] [29] However, the publication of protocols can enhance rigor and reduce bias.
For future studies, it is necessary to register standardized protocols and clearly report all expected results. [30] In addition, in terms of other bias, the quality of Chinese studies needs to be improved on "adding new animals to the experiment to replace drop-outs from the original population (sub-item 22)".
Strengths and limitations
This study was the first to compare and analyze the methodological quality of animal experiments published in Chinese and English based on the SYRCLE's risk of bias tool. Some limitations do however remain.
Firstly, the research samples were obtained from the CSCD database and
Web of Science. The results may not represent the methodological quality of animal experiments published in journals that were not included in the two databases. Secondly, the risk of bias assessments were based on literature reports and we did not contact the authors to verify the details of the specific implementation of their experiments.
Conclusions
In summary, limitations in the methodological quality of animal experimental studies published in Chinese and English remain. For domestic studies, problems in performance bias, detection bias, and
reporting bias are prevalent. For foreign studies, more attention should be paid to selection bias, attrition bias, and reporting bias. To effectively improve the design and implementation of animal experiments and guide their development, it is necessary to take targeted measures to promote and popularize the SYRCLE's risk of bias tool.
